The lipotropic factors choline and inositol fail to exert a prophylactic effect against hypercholesterolemia, organ lipidosis and atherogenesis in the cholesterol-fed chick.
T HE DISCOVERY of the lipotropic action of choline, inositol and other sub-stances1--led several workers to postulate their utility in the prophylaxis and therapy of both experimental and clinical atherosclerosis. It was reasoned that these factors might influence the deposition of lipids in the vascular wall, as well as in the liver. It was also suggested that they might affect the concentration and stability of plasma lipids, presumably key factors in atherogenesis.9"l0 Experimental attempts to test such hypotheses have lead to contradictory results. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Despite such inconsistent findings and the paucity of clinical data,21 25 27 costly preparations of choline and/or inositol are being widely recommended as useful medications for the prophylaxis and therapy of human arteriosclerosis. From both scientific and socioeconomic considerations, therefore, it is essential that further experimentation be done on lipotropic factors in arteriosclerosis. This and the subsequent paper present biochemical and pathologic data on the effects of choline and inositol on cholesterol-induced, stilbestrol-induced and spontaneous atherosclerosis of young cockerels.
METHODS
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Aided hy grants from the Life Insurance Medical Research Fund, National Heart Institute (H 626) and the Chicago Heart Association. mash of known composition. 28 At 5 weeks of age, 96 birds were divided into 6 experimental groups of 12 birds each and 1 plain-mash control group of 24 I)ir(ls (table 1) . Thereafter chicks wdere maintained on the experimental diets indicated in table 1. Essentially, the effects of 1 per cent choline plus 1 per cent inositol* wvere studied in 3 groups of chicks fed varying percentages of cholesterol with and without cottonseed oil.t In addition to the cholesterol-fed control groups, a l)lain mash control group (group 7) was maintained. + All birds were weighed weekly .anrd a record of feed intake was kept. Chicks were bled periodically from the alar vein. Aliquots of plasma from 4 chicks wvere pooled. At least two such specimens of pooled plasma from each group were extractedl as previously (lescril)ed,28 and analyzed for the various lipid fractions 1h the methods of Schoenheimier and Sperry32 an(l Man and her co-workers.33 3. Chicks from groups 1-4 were sacrificed by(decapitation and exsanguination after 15 t During the first six weeks of the experiment, groups 1, 2, 5 and 6 received 20 per cent cottonseed oil. On this diet, all groups, regardless of the other components of the diet, exhibited progressively decreased food intake and growth rate compared to the controls (group 7)29 31 Hence the diets of all four groups were changed during the seventh week of the experiment, 5 per cent cottonseed oil being substitutecl for 20 per cent. This ration was continued for the duration of the experiment. Following its institution, food intake quickly rose to normal or high levels. Accelerated growth and development ensued, so that in a few weeks these birds were equal in weight to the control birds (group 7). t Data on the effect of choline and inositol on lipid metabolism and spontaneous atherosclerosis in the chick fed plain mash are presented in the following paper. graphically on special forms; the thoracic and abdominal aorta were graded 0 to 4 for atheroma, according to criteria previously described. 31 Birds from different paired groups were autopsied on the same day. The specimens were indiscriminately mixed and graded consecutively as unknowns. Blocks of tissue were taken for microscopic examination and fixed in 10 per cent aqueous formalin. Frozen sections were stained with sudan IV for lipids and paraffin sections were stained with hematoxylineosin. At the 15 week sacrifice, aliquots of several Ratio: F/T Chol. is the ratio of free cholesterol to total cholesterol. Ratio: T. Chol./Lipid P is the ratio of total cholesterol to lipid phosphorus. § Esterified Chol. Fatty Acid = esterified cholesterol X 0.73. I t Neutral Fat Fatty Acid = total fatty acid -(phospholipid fatty acid + esterified cholesterol fatty acid).
T Total Lipid (Calc.) = phospholipid + total cholesterol + esterified cholesterol fatty acid + neutral fat fatty acid. gross findings recorded. The heart and great vessels (aorta, brachiocephalic and iliac arteries) were carefully inspected for evidence of gross atheromatous plaques. Lesions, if any, were described and recorded tissues from chicks of each group were pooled, extracted and analyzed for lipids according to procedures previously described. 28 Livers and aortas were again analyzed at the 25 week sacrifice. 
RESULTS
Feed Intake, Growth and Development. Except for the aforementioned effect of 20 per cent cottonseed oil, all experimental diets were well tolerated. Throughout the experiment, cholesterol-fed paired groups, with and without the choline-inositol supplement, exhibited similar feed intake and weight gain. After substitution of 5 per cent for 20 per cent cottonseed oil, all cholesterol-fed chicks soon attained the weight level of the plain mash fed controls. Thereafter, all 7 groups had essentially similar feeding induced no change in the ratio of free to total cholesterol in the plasma. In all cholesterol-fed groups, total fatty acid, neutral fat fatty acid (calculated) and total lipid (calculated) tended to be elevated (groups 1 and 5, tables 2 and 3). One-fourth per cent cholesterol apparently approximates to the upper level of chick tolerance for this substance, since it induced minimal hypercholesterolemia and organ lipidosis (group 5, table 2).36 In accord with results obtained with rabbits,$6 87 feeding chicks mash enriched with crystalline . Apparently the chick is readily able to absorb significant amounts of cholesterol in the presence of only the neutral lipid contained in plain mash (3-5 per cent crude fat21). At all levels of cholesterol feeding, 1 per cent choline plus 1 per cent inositol failed consistently to lower hypercholesterolemia and hyperlipemia. The lipotropic factors were without effect in ameliorating the minimal hypercholesterolemia consequent upon feeding a 1 per cent cholesterol enriched mash. The data in-dicate that during the initial weeks of the experiment, addition of lipotropic factors to the diet actually aggravated hypercholesterolemia (tables 2 and 3 and fig. 1 ). At this time, hyperphospholipemia in the choline-inositol fed chicks also tended to be more severe. However, the rise in phospholipid never kept pace with the rise in cholesterol. Thus exhibition of the phos- to elevate plasma phospholipid levels sufficiently to maintain a normal ratio total cholesterol/lipid phosphorus in the face of marked hypercholesterolemia. Likewise the lipotropic factors failed consistently to affect cholesterolinduced neutral fat hyperlipemia.
Tissue Lipids. All cholesterol-fed birds exhibited a similar pattern of tissue lipidosis of varying severity after 15 and 25 weeks of experimental feeding. For brevity's sake, we are presenting only the data on groups 3, 4 and 7 (table 4 and fig. 2 ). These are representative of all our findings. Cholesterol feeding induced a lipidosis in all organs analyzed, most marked in the liver and adrenal. Cholesterol, particularly esterified cholesterol, was the chief component of this tissue lipidosis. The increase in cholesterol concentration far exceeded the rise in phospholipid, which was often insignificant.
In several organs (gut, lung, kidney and car- cass) total fatty acid, neutral fat fatty acid and total lipid were depressed. In the liver and adrenal, total fatty acid was not significantly different compared with the values in plain mash fed controls, neutral fat fatty acid was depressed, total lipid was moderately elevated (table 4) in table 5. Paired groups are in all cases comparable with respect to the relative number of birds sacrificed at different dates. Addition of choline and inositol to cholesterol-enriched diets failed to reduce the incidence (% with lesions in table 5) or severity (sum of gradings and % with grading 1 or >, in table 5) of lesions in either the thoracic or abdominal aorta. This was true for chicks fed ' per cent cholesterol enriched mash, as well as the groups given larger amounts of sterol. Even with this neartolerance dosage of cholesterol (' per cent),35 the lipotropic factors failed to prevent or alleviate atherosclerosis. If anything, the data suggest that exhibition of choline and inositol tended to increase the incidence and severity of atherosclerotic lesions. These morphologic findings correlate well with the data on aorta lipids (cf. table 4).
DISCUSSION
Under the conditions of this experiment, choline and inositol were without prophylactic effect against hypercholesterolemia, hyperlipemia, aorta lipidosis and atherosclerosis induced in the chick by cholesterol feeding. On the contrary, the lipotropic factors tended to aggravate both hyperlipemia and atherosclerosis. The only positive finding was a partial lipo- Ready explanations are not forthcoming to account for the disparity between our negative findings and the positive results obtained by several workers who studied the prophylactic effect of lipotropic factors against cholesterolinduced atherosclerosis. Differences in experimental procedure must be borne in mind. Thus all previous investigators except Herrmannt utilized rabbits as experimental animals."-24 Steiner's recent report is perhaps the most complete study of this kind.'7 His rabbits were 6 months of age at the beginning of-the experiment, compared with our 5 week old chicks. Although the amounts of cholesterol and choline ingested by his rabbits and our chicks are roughly comparable, the two experiments differed in that he administered no inositol. Further, Steiner's paper does not indicate whether food intake was similar in his two groups. The importance of quantitatively controlling food and cholesterol ingestion in studies on atherosclerosis has recently been emphasized.'0'39-42 The time selected to sacrifice experimental animals is also relevant. Thus Steiner observed a protective action of choline in rabbits killed after 40-80 days of cholesterol feeding. In animals sacrificed after 90-100 days on diet, this effect was no longer clearly apparent. Steiner concluded that choline delayed the appearance of arterial lesions.'7t In our experiments, initial morphologic studies were done only after 90 days of experimental feeding. Such experimental differences may account at least in part for discrepant results obtained in studies on lipotropic factors in experimental * In contrast, the hepatic lipidosis and cholesterosis of chicks fed cholesterol is effectively, prevented by exhibition of desiccated thyroid.38 t Since Herrmann studied the effects of lipotropic factors on plasma and tissue lipids in old hens fed plain mash, his findings are more closely related to those we record in the following paper. We therefore withhold comment on them here. t In accord with our experience, he observed that choline failed to suppress cholesterol-induced hy-percholesterolemia.
atherosclerosis. In any ease, not only our study, but Steiner's as well indicate that choline is incapable either of influencing cholesterol-induced hyperlipemia or of affording sustained protection against cholesterol-induced atherosclerosis.
In conclusion it may be conservatively reiterated that neither on theoretic, nor experimental, norclinical grounds is there today a firm scientific basis for the widespread clinical use of costly lipotropic preparations in the prophvlaxisand /or therapy of human atherosclerosis. SUMMARY 1. The ability of choline plus inositol to protect against cholesterol-induced atherosclerosis was studied in chicks fed 4 per cent, 2 per cent and 2 per cent cholesterol.
2. The lipotropic factors did not lower cholesterol-induced hyperlipemia and hypercholesterolemia. They did not effect a reduction in the ratio of plasma total cholesterol to lipid phosphorus. They tended to aggravate hypercholesterolemia and hyperlipemia.
3. Choline and inositol exerted a partial, incomplete lipotropic effect against cholesterolinduced hepatic lipidosis and cholesterosis. They failed to affect the lipidosis and cholesterosis occurring in other organs, including the aorta.
4. The lipotropic factors did not reduce the incidence and severity of cholesterol-induced atherosclerosis of the aorta. In all groups fed cholesterol-enriched diets supplemented with choline and inositol, atherosclerosis tended to be more frequent and severe.
